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S-1

CHEMICAL NEUTRALIZATION AS A
LAND DISPOSAL RESTRICTION TREATMENT TECHNOLOGY
FOR CHEMICAL AGENT ASSOCIATED WASTE

EXECUTIVE SUMMARY

The purpose of this document is to support the Utah Department of Environmental
Quality, Division of Solid and Hazardous Waste (DSHW) in developing land disposal restriction
(LDR) treatment standards for chemical agents and associated wastes. It was developed under
the direction of the Land Disposal Restrictions — Utah Group (LDRUG) that was established by
the U.S. Army Soldier and Biological Chemical Command, Aberdeen Proving Ground,
Maryland. The LDRs were mandated for hazardous wastes by the 1984 Hazardous and Solid
Waste Amendments to the Resource Conservation and Recovery Act (RCRA). The State of Utah
has been authorized by the U.S. Environmental Protection Agency (EPA) to operate the RCRA
program within the state and has adopted EPA’s RCRA characteristics and lists of hazardous
wastes. Because the Deseret Chemical Depot (DCD) and the Dugway Proving Ground (DPG)
have missions associated with chemical agents that were not listed by EPA, the DSHW added
chemical agents and associated wastes within the state in July 1988. At that time, no
management standards, such as LDR treatment standards, were developed. In 1995, the USDHW
announced a regulatory initiative to establish LDR treatment standards as part of the Utah
Chemical Agent Rule (UCAR).

This document assesses the ability of chemical neutralization to treat the various
chemical agent waste streams to or below the LDR concentration standards that are to be
established in the UCAR. The document contains information concerning types and locations of
the chemical agents and associated waste streams, chemical agent properties and reactions, a
description of processes and chemical neutralization solutions, and expected reaction products.
Data are presented that were used to determine if the chemical neutralization procedures are
“applicable” and can be considered “demonstrated.” Of the 18 procedures evaluated, 15 were
found to be “applicable” and “demonstrated” and are recommended as LDR treatment standards.
Two of the procedures are not preferred because of the formation of undesirable by-products
and, therefore, are not recommended. Basic data on one procedure, the chemical neutralization of
HN1 and HN3, are lacking to determine whether it is “applicable,” and it has not been
“demonstrated.”
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1 INTRODUCTION

This report was prepared by the Land Disposal Restrictions — Utah Group (LDRUG)
established by the U.S. Army Soldier and Biological Chemical Command (SBCCOM). This
report is intended as a background document to support the Utah Department of Environmental
Quality, Division of Solid and Hazardous Waste (DSHW) in developing Land Disposal
Restriction (LDR) treatment standards for chemical agents and associated wastes. This report
summarizes the literature and presents a performance database to support chemical agent related
waste stream chemical neutralization as a specific LDR technology.

AGEISS Environmental, Inc., Denver, Colorado, and Analytical Quality Solutions, South
Weber, Utah, assembled and analyzed the background information and prepared the initial report
on the Dugway Proving Ground (DPG) waste stream chemical neutralization as a treatment
technology (AGEISS 1998). Information from the initial DPG report was combined with
information on chemical neutralization operations at the Deseret Chemical Depot (DCD), Tooele
Chemical Destruction Facility (TOCDF), and Chemical Agent Munitions Disposal System
(CAMDS) to prepare this report.

1.1 REGULATORY BACKGROUND OF CHEMICAL NEUTRALIZATION
AS AN APPLICABLE TREATMENT TECHNOLOGY FOR LAND
DISPOSAL RESTRICTIONS

The LDRs were mandated for wastes designated as hazardous under the Federal Resource
Conservation and Recovery Act (RCRA) program by the 1984 Hazardous and Solid Waste
Amendments to RCRA. LDRs are treatment requirements for wastes before land disposal. When
a waste is determined to be hazardous, it must be treated to comply with specified treatment
standards prior to land disposal. These treatment standards substantially diminish the toxicity of
the waste or substantially reduce the likelihood of migration of hazardous constituents from the
waste (RCRA Section 3004(m)).

RCRA was intended by Congress to be a state-implemented program. The
U.S. Environmental Protection Agency (EPA) was charged with developing a minimum set of
standards for managing hazardous waste under the RCRA program; states would then adopt
these regulations and seek authorization from EPA to implement the RCRA program within their
boundaries. States cannot be less stringent or broader in scope than the federal program in
adopting EPA’s regulations; however, states can develop regulations that are more stringent or
broader in scope than the EPA’s.

The State of Utah has been authorized by EPA to operate the RCRA program in that
state. The DSHW administers the RCRA program, including the LDR program. DSHW adopted
EPA’s RCRA characteristics and lists of hazardous wastes. Because DPG, DCD, TOCDF, and
CAMDS have missions associated with chemical agents, in July 1988 the DSHW modified its
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regulations under R315-2-11 to include chemical agents and associated wastes as hazardous
wastes within the state. In addition, under R315-2-10, DSHW included residues from
demilitarization, treatment, and testing of the chemicals identified in R315-2-11. At that time, no
management standards, such as LDR treatment standards, were developed. In February 1995, the
DSHW announced a regulatory initiative to re-examine its current hazardous waste listings for
chemical agent wastes and to establish LDR treatment standards for these wastes as part of the
Utah Chemical Agent Rule (UCAR).

There are two types of LDR treatment standards: technology based and concentration
based. When a technology-based standard applies, wastes must be treated by that technology.
When a concentration-based standard applies, wastes must be treated to meet concentration
limits established for hazardous constituents. The primary advantage of the technology-based
standard is that wastes do not have to be analyzed to prove that treatment standards have been
met. The primary advantage of the concentration-based standard is that the facility has greater
latitude to determine the most appropriate technology to apply to treat the waste, including
emerging and innovative technologies.

An innovative approach has been established with respect to these standards for
application under the UCAR. Both technology- and concentration-based standards are proposed
for the same listed waste streams, and both standards are to be established on the basis of risk.
The technology-based standards must be able to meet the concentration-based standards as a
condition of their being proposed as an LDR technology. The U.S. Army (Army) would be
permitted to choose which standard would be applied to specific listed waste streams. Under this
approach, protection of human health and the environment is ensured, while repeated and
expensive analyses are avoided. Another advantage is that when emerging and innovative
technologies become available, the rule would permit their use as long as the concentration-
based standards are met.

The chemical agent waste streams include agents that become wastes (P901-P910), and
wastes that result from treatment of agents (K901-K908). This report assesses the effectiveness
of chemical neutralization to treat the various chemical agent waste streams to or below the
proposed LDR concentration-based treatment standards identified for the chemical agents in the
proposed UCAR.

Wastes U901 and U902, DM and BZ, respectively, are not addressed in this background
document. Because a concentration-based LDR standard is not available for these compounds,
LDR technologies cannot be established at this time.

1.2 PURPOSE AND SCOPE

The purpose of this report is to support the application of chemical neutralization as an
LDR technology for agent related waste streams. Included are waste streams generated by the
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Army chemical agent operations at DPG, DCD, TOCDF, and CAMDS. The waste streams listed
in the proposed UCAR include both the chemical agents that become wastes (P901-P910) and
the chemical agent associated wastes (K901-K908).

This document assesses the ability of chemical neutralization to reduce constituents in the
various waste streams to or below the expected LDR concentration standards that are to be
established in the UCAR. To be considered applicable, a technology must be capable of treating
either the waste in question or a waste that is similar in terms of parameters that affect the
selection of the treatment method. Parameters that affect treatment performance may include
both physical and chemical characteristics, such as pH, bond disassociation energy, thermal
conductivity, inorganic and organic composition, and concentration of constituents of concern.
To be considered demonstrated, a technology must be employed in operation for the treatment of
the waste in question or a similar waste.

For several Utah-listed chemical agent related wastes for which this background
document supports designation of chemical neutralization as a specified LDR treatment standard,
other technologies are also capable of treating the wastes to meet the concentration-based
standards. Additional background documents have been prepared supporting designation of such
technologies as additional specified LDR technologies. Also, the Army is examining a number of
new technologies that may prove capable of qualifying as specified LDR technologies. For
example, several technologies are being evaluated under the Army’s Assembled Chemical
Weapons Assessment (ACWA) program. The UCAR includes a proposed quick-action
mechanism for designating a new technology as a specified technology.

1.3 REPORT ORGANIZATION
The remainder of this report is organized as follows:

* Section 2: Industry Affected and Waste Characterization - This section
introduces the chemical agent related industry in Utah that uses chemical
neutralization as a treatment technology. It provides information concerning
the industry affected, including a description of processes and resulting waste
streams, chemical agent properties and reactions, and associated chemical
neutralization solutions.

» Section 3: Support for Chemical Neutralization of Chemical Agent Waste
Streams as a Land Disposal Restriction Treatment Technology - This section
describes products of chemical neutralization of the agents identified in
Section 2 and presents data to be used in determining if these chemical
neutralization procedures are ‘“applicable” and can be considered
“demonstrated.”
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e Section 4: Summary and Conclusions - This section briefly summarizes
chemical neutralization procedures and products and presents conclusions as
to whether the data support chemical neutralization procedures as “applicable”
and “demonstrated.”

» Section 5: References - This section lists complete citations for the references
cited in this report.

» Appendix A - This appendix contains a chemical structures dictionary.

Throughout the report, tables are presented as closely to their first text reference as possible.
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2 INDUSTRY AFFECTED AND WASTE CHARACTERIZATION

The DPG, DCD, CAMDS, and TOCDF neutralize chemical agents and chemical agent
related waste in accomplishment of their missions. Section 2.1 identifies DPG, DCD, CAMDS,
and TOCDF as constituting the industry affected and briefly describes their mission and
processes used. Section 2.2 characterizes the chemical agents and chemical agent related wastes
generated, briefly discusses the chemical neutralization process and describes chemical agents
and associated neutralization solutions.

2.1 INDUSTRY AFFECTED AND PROCESS DESCRIPTIONS

This section describes processes and chemical agent related waste streams for the
affected industry (DPG, DCD, CAMDS, and TOCDF).

2.1.1 Dugway Proving Ground

Dugway Proving Ground (DPG) generates chemical agent related waste during
fulfillment of its mission, which includes developing and testing attack deterrent capabilities,
developing and testing methods to protect personnel and equipment from chemical agent attacks,
and determining the effects of chemical warfare agents and chemical neutralization solutions on
military equipment and supplies. The majority of the chemical agent related waste is generated
during chemical neutralization of materials involved in chemical agent testing. The remaining
chemical agent related wastes that may be generated at DPG are associated with range-recovered
munitions, personal protective equipment, and spilled material and waste.

Table 2.1 lists the chemical agent related waste streams that are generated at DPG and
includes information pertaining to chemical neutralization.

2.1.2 Deseret Chemical Depot

Deseret Chemical Depot’s (DCD’s) mission is storage of the chemical weapons stockpile
maintained in Utah. DCD has been storing chemical weapons since 1942. The stockpile consists
of spray tanks, cartridges, projectiles, rockets, bombs, ton containers, and mines containing nerve
agents tabun (GA), sarin (GB), and VX the blister agent mustard (H/HD, HT); and lewisite (L).
The Army is committed to safely storing these weapons until they are eliminated as part of the
Army’s Chemical Stockpile Disposal Program. DCD stored a total of 13,616 tons of these
materials.
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TABLE 2.1 DPG Chemical Agent Related Waste Streams and Chemical Neutralization Status

Waste Stream

Treated by Chemical Neutralization?

“P” of “U” listed waste chemical

Protective clothing

Decontamination/neutralization fluid

Liquid laboratory wastes
Laboratory solid wastes
Miscellaneous metal parts
Plastics

Silver fluoride pads
Spent activated carbon

Spill cleanup material

Yes.
Potentially. Protective clothing is decontaminated as part of exit
procedures and becomes a waste when it is declared

unserviceable.

Potentially. Analyzed and shipped off-site to permitted
treatment, storage, and disposal facility (TSDF).

Potentially. Analyzed and shipped off-site to permitted TSDF.
Potentially. Analyzed and shipped off-site to permitted TSDF.
Potentially. Analyzed and shipped off-site to permitted TSDF.
Potentially. Analyzed and shipped off-site to permitted TSDF.
Potentially. Analyzed and shipped off-site to permitted TSDF.
No. Stored pending suitable treatment/disposal arrangement.

Potentially. Neutralization fluids may be used extensively
during the cleanup process. Shipped off-site to permitted TSDF.

Soil No. Shipped off-site to permitted TSDF.

Styrofoam Potentially. Analyzed and shipped off-site to permitted TSDF.
Trash and debris No. Shipped off-site to permitted TSDF.

Water/groundwater No. Permitted on-site storage.

Experienced and trained workers monitor the storage areas. Regular inspections are
performed to monitor for leaks and inspect the condition of the weapons and facilities.
The majority of the chemical agent related waste is generated from chemical neutralization and
cleanup operations as a result of leaking munitions and from spent activated carbon filters.

Table 2.2 lists the chemical agent related waste streams that are generated at the DCD
and includes information pertaining to chemical neutralization.
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TABLE 2.2 DCD Chemical Agent Related Waste Streams and

Chemical Neutralization Status

Waste Stream

Treated by Chemical Neutralization?

Protective clothing

Munition bodies and
miscellaneous metal parts

Ton containers
Plastics

Spent activated carbon filters and
pre-filters

Spill cleanup material

Silver fluoride pads

Trash and debris

Neutralization fluids
Soil

Water/groundwater

Potentially. Protective clothing is decontaminated as part

of the exit procedures and becomes a waste when
declared unserviceable.

Yes. Immersed in neutralization fluid when generated,

then evaluated for disposition.
No.
Potentially. Analyzed and evaluated for disposition.

No. Stored as generated pending suitable
treatment/disposal arrangements.

Potentially. Neutralization solutions may be used
extensively during the cleanup process.

Potentially. Analyzed and evaluated for disposition.

Yes. Immersed in neutralization solutions when
generated.

Potentially. Analyzed and evaluated for disposition.
No. Permitted on-site long-term storage.

No. Analyzed and evaluated for disposition.

2.1.3 Chemical Agent Munitions Disposal System

The Chemical Agent Munitions Disposal System (CAMDS) has been in operation since
1979 conducting research, development, and demonstration of various methods of demilitarizing
chemical munitions and treating the wastes resulting from demilitarization processes. The
chemical agents investigated by CAMDS are the nerve agents GA, GB, and VX, the blister
agents H/HD, HT, and L. The current mission is to provide continuing process development and
demonstration of integrated munitions demilitarization and waste treatment plants and processes.

CAMDS operates as a treatment, storage, and disposal facility (TSDF) to demonstrate
and refine baseline and alternative technologies. The general activities are munitions handling
and disassembly; incineration of wastes resulting from munitions handling; pollution abatement
systems associated with incineration and munitions handling; and treatment of wastes such as
scrap metal, brines, and ash to minimize the amount of waste requiring disposal. Information
generated aids in the technical and economic feasibility evaluation of munitions handling
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equipment, incinerators, pollution abatement systems, and alternative treatment methods.
CAMDS waste treatment units consist of fabricated equipment reflecting state-of-the-art
technology.

The units at CAMDS are sized to handle actual munitions at rates that demonstrate the
processes involved. The equipment and process control technologies provide reliability data for
demilitarization of chemical munitions, extended operations maintenance evaluation,
incineration of actual munitions components and chemical agents, control of integrated
processes, and treatment of flue gases and solid residues.

DCD’s entire stockpile of lewisite, 10 ton containers, will be destroyed at CAMDS
through a chemical neutralization process originally developed in 1991 by Chem-Security Ltd. to
destroy the Canadian stockpile of lewisite. Lewisite is converted to sodium arsenate in a three-
step batch process. CAMDS has already received a RCRA research, development, and
demonstration (RD&D) permit and an air quality permit for this process, with operation
scheduled to begin in early 1999.

Table 2.3 lists the chemical agent related waste streams that are generated at the CAMDS
and includes information pertaining to chemical neutralization.

2.1.4 Tooele Chemical Destruction Facility

The chemical agent stockpile stored at the DCD is scheduled for processing at the Tooele
Chemical Destruction Facility (TOCDF). It consists of various projectiles, ton containers,
rockets, bombs, mines, and spray tanks. The bulk of the chemical agent stockpile stored at DCD
contains GB, HD, and VX, with smaller amounts of H/HD, HT, GA, and lewisite. The lewisite is
not scheduled for processing at TOCDF; it will be processed at CAMDS. The TOCDF treatment
process is based on disassembly of munitions followed by separation and destruction of
individual components by incineration. The initial processing step involves disassembly with the
removal of explosives and draining of the chemical agent from projectiles or the draining of
chemical agent from ton containers. Rockets and mines are sheared into sections and punched,
respectively. Agent is drained from the rockets and mines during the shearing and punching
operations. The drained agents are incinerated in the liquid incinerator (LIC). The deactivation
furnace system (DFS) processes drained rockets and mines and the energetic components of the
munitions. The metal parts furnace (MPF) thermally decontaminates all drained ton containers
and drained munitions other than rockets and mines. Liquid agent related waste streams are
processed in the LIC, and the solid agent related waste streams are processed in the MPF.

Table 2.4 lists the chemical agent related waste streams that are generated at the TOCDF
and includes information pertaining to chemical neutralization.
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TABLE 2.3 CAMDS Chemical Agent Related Waste Streams and

Chemical Neutralization Status

Waste Stream

Treated by Chemical Neutralization?

“P" listed waste chemicals
Brine reduction area baghouse residue
Brine salts

Decontamination/neutralization fluid

Deactivation furnace system (DFS) cyclone
residue

DFS ash
DFS refractory

Demilitarization protective ensemble (DPE)
suits

Liquid laboratory wastes

Laboratory solid wastes

Miscellaneous metal parts

Mist eliminator filters/demister candles

Metal parts furnace ash

Metal parts furnace metal

Metal parts furnace refractory

Pollution abatement system brine

Pollution abatement system brine sump sludge

Plastics

Soil

Spent activated carbon

Spent hydraulic fluid
Spent silver fluoride pads

Spill cleanup material

Styrofoam

Trash and debris

Waste oil
Wooden pallets

Lewisite

Potentially.
No.
No.

Potentially. If agent concentration is greater than 20 ppb for GA,
GB, and VX; 200 ppb for H/HD/HT; and 1 ppm for L.

No.

No.
No.

No. DPE suited personnel are decontaminated as part of the exit
procedure. DPE suits are not considered a waste until after they
are removed.

Potentially. If agent concentration is greater than 20 ppb for GA,
GB, and VX; 200 ppb for H/HD/HT; and | ppm for L.

Yes.

Potentially. Metal parts are either surface decontaminated or
processed through the metal parts furnace (MPF).

No. Not agent contaminated.
No.
No.
No.
No.
No.

No. Typically containerized, headspace monitored, then placed in
storage. No permitted treatment method established yet.

No. Shipped to treatment, storage, and disposal facility (TSDF).

No. Stored as generated pending suitable treatment/disposal
arrangement.

No.
Potentially.

Potentially. Neutralization fluids may be used extensively
during the cleanup process.

Potentially.

Potentially. Stored as generated until suitable treatment method
is established.

Potentially. Shipped to TSDF.
Potentially. Shipped to TSDF.
Yes.
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TABLE 2.4 TOCDF Chemical Agent Related Waste Streams and

Chemical Neutralization Status

Waste Stream

Treated by Chemical Neutralization?

“P listed waste chemicals

Brine reduction area baghouse residue
Brine salts

Brine tank sludge

Decontamination/neutralization fluid

Deactivation furnace system (DFS) cylinder
residue

DFS Heated Discharge Conveyor ash
DFS refractory

Demilitarization protective ensemble (DPE)
suits

Laboratory liquid waste

Laboratory solid waste

Liquid incinerator ash/slag
Liquid incinerator refractory

Miscellaneous metal parts

Mist eliminator filters/demister candle
MPF ash

MPF metal

MPF refractory

MPF residue

Pollution abatement system (PAS) brine

PAS brine sump sludge
PAS quench tower residue

Plastics

Residue handling area (RHA) baghouse
residue
